systems.
Efficiency of the systcm is found to depend on specifications of the systems such as the locations of the system components, the number of vehicles, the number of both incoming and outgoing conveyors, and the buffer size of the conveyors connected to the warehouse. Analysis to measure cost cffcctivencss is performed, especially based on the number of AGVS to install. In addition, sensitivity analysis is performed to seek the optimum system from both efficient and economic standpoints.
INTRODUCITON
The modern warehouse must play the role not only of storage for raw materials, parts, and end products, but also of a dynamic inventory control for a smooth logistic system, such as procurcmcnt, production, inventory, sales, and distribution, by establishing the information system to update kinds and quantities of stored items. Recently, the Automated Storage and Retrieval System (AS/RS) has been utilized together with AGVS in the above-mentioned fields. Performance analysis of AS/RS is a complex problem. Some approaches exist for performing such an investigation (Pulat 1988 , Takakuwa 1989 ).
When introducing a large-scale AS/RS-AGV system, there are a lot of alternatives. Management has to decide particular specifications of the system, such as the number of incoming/outgoing conveyors and the number of AGVS, considering the frequency of handling items. 
PROBLEM STATEMENTS
When introducing large-scale AS/RS-AGV systems, determine the optimum and/or reasonable number of vehicles that should be stationed on the track to carry the expected number of items between the warehouse and handling stations from both efficient and economic standpoints.
SIMULATION ANALYSIS

Experimental Conditions
Parameters already shown in Table 1 Summary results of the analysis of variance for the output variable (the total flow time) are given in Table 2 . In addition, the comparison among the layout alternatives is shown in Figure 3 . A single simulation replication has been executed for approximately 15 to 38 minutes, depending on the number of AGVS. The overall layout, factor A, has a significant effect on this variable. It is concluded that the alternative A is the most effective than any other alternatives, especially in installing more AGVS. On the contrary, the alternative D is the least effective. This maybe because the loading and unloading positions (i.e., the incoming conveyors and the ASIRS, and the ASIRS and the outgoing conveyors) are closest in the alternative A.
Contrary to our expected results, the more the number of outgoing conveyors are to bc installed, the less effective the system becomes. The reason might be that the unloading time is relatively short compared with those of other handling activities.
In addition, the buffer size on the conveyors from/to the AS/RS, factor D, affects the total flow time as well. From the above-mentioned issues, the most desirable layout of the large-scale AS/RS-AGV system is the alternative A and it consists of ten incomingand six outgoingconveyors, and the buffer size of four (units) on each conveyor from/to the AS/RS. The next problem is determining the optimum number of AGVS to install in the system.
OPTIMIZATION AND COST EFFECTIVENESS
Determining Specifications of the System
Once an appropriate layout of AS/RS-AGV system is decided to install, then it is necessary to determine the optimum specifications of the systcm, i.e., the number of AGVS, the numbers of incoming/outgoing conveyors, the buffer size on the conveyors from/to AS/RS, and so forth. An economic analysis of alternatives would be necessary to select the economical system. When performing cost comparison among alternatives it is necessary to collect the following information:
(1) initial cost. (2) annual maintenance cost. Table 3 , based on an actual case. Annual interest rate of 10 ?ZO is selected for this case. The term "unacost", as used here implies uniformity from year to year with the end of the year as part of the definition (Jelen and Black 1983) . For example, the unacost of holding one unit of AGV is $11,200. The unacost for installing one more in the buffer queue on each conveyor in front of the ASJRS is relatively small; hence, the buffer size of these queues is set to four in the following case.
Determining the Optimum Number of AGVS
From the efficient standpoint, the procedure to obtain the optimum number of vehicles is proposed (Takakuwa 1989) . Furthermore, when the profit obtained by performing operations is known, both the maximum-profit number of vehicles and the minimum-cost number of vehicles can be obtained (Takakuwa 1991 ).
Sometimes it is not possible to measure return, service, or profit in terms of dollars.
It is possible, however, to measure unit costs, or cost effectiveness.
In this study, the total flow time is adopted as the measure of performance. First of all, the percentage decrease on the total flow time is obtained by The minimum-time units of AGVS is 17 (units), because tlhe total flow times at more than 17 units are almost equal to that at 17 units.
An efficient approach, which was originally proposed for determining the optimum number of AGVS, may be alpplied for this case. On the other hand, the cost-effectiveness curve can be found to increase drastically at 14 units and over. Providing cost effectiveness as well as the systems performance is quite helpful for management. The procedure is also presented using a numerical example based on an actual case.
